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Abstract 
Based on the isothermal forming technique of pressing and spinning, designed the precision formational equipment. Furthermore, 
auxiliary equipped the thermostatic oil tank through the heat conduction computation, the heat conductivity value's analysis. at
the same time using microcontroller digital logic operations, realization of the system high-precision automatic control. The 
result presents that the idea is reasonable, the device design is feasible and a value for promoting.
© 2010 Published by Elsevier Ltd. 
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1. Introduction 
Along with the development of science and technology, and many manufacturing precision products require a specific work 
environment. Project R & D magnesium alloy car wheels spin isothermal extrusion forming device, it requires about 250 degrees 
Celsius in liquid medium processing. Through the seal liquid thermostatic tank, make a wheel nave in the appropriate 
temperature isothermal forming. This forming technology can increase the deformation of the wheel nave area, but also to a 
lesser extent deformation temperature fluctuations. Deformation zone increased, the deformation path more reasonable; 
temperature fluctuations small, then reduce the difference of inside metal as deformation caused by uneven performance of 
different organizations, significantly improve the product's plastic, reducing the residual stress after forming, to improve product 
quality and accuracy. It industrial development of this technology provides a constant barrier. Thermostat designed for this 
purpose can be of practical as well as future production equipment to provide a larger space for development [1, 2].
2. The thermostatic oil tank’s control theory 
The thermostatic oil tank’s control theory shown in Figure 1, in the constant temperature tank with two electric heaters 
P1=50KWˈP2=2500W and a sensitivity of 100ȝV / ć temperature sensor. 
Start heater P1, 1 hour thermostatic tank temperature up to the rated temperature TH = 250 ć or so. Thermostat bath to allow 
the temperature range (-2%) TH  T  (2%) TH .Temperature sensor of the current tank temperature is converted into small 
voltage through amplifier, be 0V ~ 5V output voltage, the analog output voltage by the A / D converter into a digital number for
the computer system acquisition. 
Thermostat starting temperature rating of heating up, the computer system started collecting, monitoring and processing 
thermostat bath temperature, with regular testing, record, display and processing thermostat bath temperature. One hand, the 
computer system every 1 minute, 4-bit digital display through the current detection temperature value, by showing of value, if 
tank temperature within the allowable range, then cutting of the P1, putting into P2, and the green indicator light. On the other 
hand, computer systems on the tank temperature every 10 seconds sampling time, sampling the data not stored in the system 
memory, and through D / A to convert digital into analogue will be provided to the sensitivity of 100mV / s of the Mill volt 
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recorder to record. Mill volt recorder can change over time show that temperature. And temperature changes connected with 
smooth curves, to draw the curve of temperature change with time. 
If the tank temperature T  (4%) TH, then cut off the P2, the red indicator light, and the issue of F = 1000Hz continuous sound 
alarm, remove the tank heat treated parts, wait for the machine inspection system failure, failure to stop and restart the system 
work after the elimination of sound and light alarm. 
If the thermostatic tank temperature T  (5%) TH at the same time into P1, P2, yellow indicator light, and the issue of F = 
500Hz continuous sound alarm. When tank temperature to allow the range, cutting off the P1, retained P2, stop the sound and 
light alarm system continues to work [3,4].
Figure1 thermostatic tank control system 
3. The thermostatic oil tank’s system composition and structure size computation 
The isothermal pressing and spinning technology is a combination characterized of spinning, forging, and extrusion, 
stretching, bending and rolling by fewer non-cutting of advanced technology. Basis on isothermal extrusion rotary forming 
process, designed the equipment shown in Figure 2. The new process features of the required parts in the liquid medium 
temperature processing, so constant temperature tank of the rational design is one of key technologies in the equipment. [5] 
Isothermal tank is a thermal processing system to provide the working environment. System is constituted by the tank, heater, 
and temperature sensor and control circuit. As the core module in the process of rotation, so tank does not need a separate mixer.
1. Input axis  2. Mold core   3. Squeeze roller 4. Oil Baths  5. The top surface  6.Workpiece 
Figure2 the isothermal pressing and spinning system 
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3.1. The heat transfer mode of thermostatic tank   
Thermostat heat transmission from the inside out, the process is: spread the heat from the thermostat bath temperature within 
the layer, then spread to shell, and finally spread through the shell to the space. Thermostat heat mainly by heat conduction from 
the inside spread to cover, from the shell reached space, including both conduction and convection. 
3.2.  the thermostatic tank 's size parameters 
3.2.1. the thermostatic tank wall structure size 
As the size of the oil tank depends on the instrument inside, so focus on tank wall thickness is constant. To thermostat bath 
temperature stability, volatility is small, requires constant temperature trough has sufficient thermal capacity (heat capacity = 
specific heat x mass). Use of steel as a material constant temperature trough, and its specific heat is constant, and in the 
thermostat bath for the cylindrical geometry case, the mass of thermostat bath in connection with the thickness, the thickness of 
the thicker, higher quality, greater heat capacity. But should also be considered to determine the thickness of three factors: First, 
it limits the quality required by the instrument; Second, if excessive heat, will form a thermal inertia, resulting in temperature
measuring device unresponsive to temperature changes, temperature control circuit can be adjusted in a timely manner on the 
temperature, but affect the temperature accuracy; Third, if the wall is too thin, it can not withstand the force processing parts. In 
view of these considerations, constant temperature tank wall thickness is set to 6mm. 
3.2.2. Insulation structure size 
Fourier's law is the basic law of heat conduction that conduction heat flow and temperature gradient and heat flow direction 
perpendicular to the cross-sectional area is proportional to, namely: 
n
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Thermal conductivity is constant, the steady-state one-dimensional temperature field, Fourier's law can be written as: 
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Q is the heat transfer per unit time, A the heat transfer area, Ȝ the thermal conductivity for the heat transfer medium. 
Within the constant temperature level by the cylinder wall and the cylinder ends of surfaces, according to Fourier's law, the 
cylinder wall and cylinder both ends of the surface Q are calculated as follows: 
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Where H is the height of thermostatic tank, integral on t from the inside t1 to the outside t2 of thermostat bath temperature: 
where r1, r2 are the inner radius for the isothermal layer and outer radius. Make 1
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cylinder wall so that it characterized as heat transfer medium at both ends of the temperature difference between surface 1 ć, the 
transfer of heat per hour. 
Better than constant temperature level, smaller of the thermal conductivity to be. In the case that constant temperature layer 
shape and material is certain, determines the temperature layer thickness d = r2-r1 becomes key to affected K value. 
Thermostat both ends of the face: 
Face is flat wall, the wall surface temperature along the vertical axis and uniform changes. So, by the Fourier formulas are: 
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to the value of thermal conductivity both ends of the face. 
Therefore, the thermal conductivity of constant layer: 
12
2
2
1
2
21
2
ln
H2
rr
r
r
rKKK 
  SOSO
C. Ma, Z. Zhang / Procedia Engineering 7 (2010) 477–481 479
 Chunsheng Ma, Zhimin Zhang / Procedia Engineering 00 (2010) 000–000 
Known r1 = 0.63m, so the size of K depends on the value of r2, that is the thickness of d = r2-r1 value, substituted into the H = 
0.62m and r1 value can be obtained with the K-d curve of Figure 3. 
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Figure 3 d and the curve K 
From Figure 3 we can see that wall thickness of 35mm, K drop in volume is not very significant, so take 35mm as a constant 
layer thickness. 
4. Temperature groove design and the heating resistance wire parameters calculated 
Performance of the top of the seal face temperature of the tank has an important impact performance. While the other ends of 
the seal are affected by processing conditions affect the degree. Therefore choose the form of both face seal them with a good 
temperature characteristics, but also conducive to processing is particularly important. Combining these two considerations, the
top end interface select the undercut shape of the word. As the heat on the move, while the top is not with the liquid contact, so 
constant temperature tank at the top do not add heat resistance wire, just increasing the thickness of insulation 
Heating resistance wire of the design parameters depends on the constant temperature bath largest increase calorie. 
Q = Pt 
Where P is the heating power, t is the tank to start the heating time. Q is the constant temperature tank from the initial state of 
heating to the temperature rating of the required energy. It can be calculated according to the following formula: 
tcmQ ' 
m is mass, c is the specific heat. 
Take this liquid heat capacity c = 2.1kj/kg. ć, density ȡ = 913kg/m3.
tVcQ ' U = 3.4 × 108 J, if 1 hour from the room temperature 20 ć up to temperature 250 ć:
tPQ 1     t
Q 1P
   P1= 94KW; as thermostat bath oil medium does not fill, and tank placed on wheels, and hold the work 
piece and so on, it can reduce the heating power to P1 = 50KW. 
If the oil volume remains unchanged, per minute increase 1 ć power required to P2 = Q/230 calculate P2 = 2500W. P2 take as 
the compensation for heating power. 
By the formula R = U2 / P can be calculated heating resistance wire of the resistance. 
U is the constant temperature tank of heating voltage. 
Heating resistance wire placement should note the following: 
(1)Resistance wire distribution should be consistent with thermostat bath conduction heat rate, in order to make temperature 
uniformity and stability. 
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 (2) To reduce the additional interference magnetic field through the current may produce, you can use two-lane winding 
method. 
 (3) Heat resistance of the wire to closely fit the thermostat bath, so that can the heat quickly passed to the thermostat tank.
And heating resistance wire and the thermostat bath should be made between insulation, you can heat resistance wire wound well 
after its last sprayed with varnish or other insulating plastic. 
 (4) The installation of heating resistance wire must pay attention to the relative position between the components, making 
them the smallest lag between the temperature distributions. 
5. Commissioning results and conclusions 
Thermostatic tank designed by the debugging, it can meet the following key technical requirements: 
(1) Tank operating temperature range: 20 ~ 400 ć;
 (2) control accuracy: ± 1 ć;
 (3) The time of From start to enter the stable state: less than 1 hour (when set at 250 ć); 
 (4) Working conditions: 
 Environment temperature: 10 ~ 40 ć
Operating voltage: 220 V ± 10% 
Power frequency: 50 Hz ± 1% 
Heating power: 2.5 ~ 50kW. 
Verified through actual projects and realize the automatic control of the thermostat bath SCM. System is stable and reliable, 
with high control precision, shorter time to enter steady state, performance and good features. This design method has a reference
for other types of thermostatic device, and has good application value. 
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